whole settee rather than a chair in natural science at the State Normal School tended to broaden his foundation for later more specialized scientific studies.
From Whitewater, Chamberlin went to Beloit College, and there he spent the years 1873-82 as professor of geology. The college at Beloit, Wisconsin, stands on the broad terrace top of the great deposit of outwash sand and gravel which fills the ancient valley of Rock River south of the terminal moraine of the Green Bay glacial lobe, and from the campus one looks across the postglacial channel of Rock River to the rolling drift-covered upland to the west, on which was the Chamberlin home farm. The professor was now in the thirties and his active participation in geologic investigations going on in Wisconsin is indicated by his being appointed assistant state geologist in 1873. This position he held until 1876, after which he served as state geologist of Wisconsin until 1882. During this time he continued teaching geology at Beloit.
In 1854 Sir A. C. Ramsay, in England, and A. Marlot, in the Alps, had recognized that the Pleistocene embraced more than one epoch of glaciation, and Oswald Heer, in 1858, had brought to notice evidence of mild interglacial climate found in buried plant remains in the Alps. Such evidence was elaborated later by Professor James Geikie of the University of Edinburgh in the first, second, and third editions of the Great Ice Age, and by some other authors in Europe and by Edward Orton, N. H. Winchell, and a few others in the United States.
In the first edition of his Great Ice Age (issued in 1874) Geikie presented his ideas that there had been more than one glacial period and one or more interglacial periods, and that a glacial period had intervened since Paleolithic man left his stone implements in the deposits of Southern England. In the second edition he stated his conclusion that the later drift deposits were not the result of submergence and deposition from floating ice, but that there was an actual recurrence of advance of the ice sheets following a milder interglacial period.
The first of Professor Chamberlin's geologic papers was printed in 1875 by the Wisconsin Academy of Sciences, and the first of his publications treating of glacial drift, of which the writer finds men-tion, was in the Annual Report of the Wisconsin Geological Survey for the year 1876 when he was thirty-four years of age. This contribution consisted of three hundred and eight pages, including illustrations, tables, and text on the geology of eastern Wisconsin, and of this forty-eight pages treated of the Quaternary formations, the drift. The report was printed in Volume II, Geology of Wisconsin, the first of the four volumes to be published under his incumbency as state geologist. This volume was issued in the same year as the second edition of Geikie's Great Ice Age cited in the foregoing. In the descriptions of the glacial phenomena in Volume II, Geology of Wisconsin, Dr. Chamberlin did not definitely treat the glacial period as having comprised more than one advance and retreat of the ice. He states in one place' that "the survey in the seventies swept over the Pleistocene formations and those that underlie them at the rate of about 4 If the evidence adduced to show that the Kettle moraine was due to an advance of the glaciers be trustworthy, then to the extent of that advance, whether much or little, the moraine marks a secondary period of glaciation, with an interval of deglaciation between it and the epoch of extreme advance. Its great extent indicates that whatever agency caused the advance was very widespread if not continental in its influence. The moraine, therefore, may be worthy of study in its bearings upon the interesting question of glacial and interglacial periods.
In Volume I of the Geology of Wisconsin (the last of the set of four volumes prepared under his direction), which was submitted for publication in June, 1882, and issued in 1883, Chamberlin ' Preface to "The Quaternary Geology of Southeastern Wisconsin," by Wm. C. Alden, United States Geological Survey Professional Paper io6 (1918), p. 13. inserted a discussion of the "second glacial epoch" and a note explaining why he had, in this volume, divided the glacial period in a way not done in the earlier volumes. He wrote'
In the descriptive volumes of this report, two distinct glacial periods are not formally stated, although the fact of a second advance, with an intervening interval, is indicated. This was due partly to the fact that investigations were still in progress, which made it injudicious to prejudice results by broad conclusions in advance of the fullest available data, and partly to the fact that the existence of two such periods had not been generally recognized by American geologists, although the doctrine of separate glacial periods had been entertained by several in this country, following the lead of the Scotch school. The only American evidence then adduced, aside from theoretical presumptions, consisted of supposed superpositions of newer upon older till, separated by supposed interglacial deposits-a class of evidence to be received with great caution, since temporary oscillations, or the shifting of subglacial streams, may produce strikingly analogous phenomena. Where the section exposed to observation chances to be parallel to the glacial margin or the course of a subglacial stream, the phenomena may seem to be much more prevalent than is really the case. A further and more important ground of doubt arises from the fact that certain subaqueous deposits so closely resemble true till that they have been mistaken for it, and there is perhaps no case of superposition of beds supposed to represent two glacial periods that is not still open to these doubts. Our present firmness of conviction arises (i) from the discovery and working out of an extended moraine stretching across the whole of the glaciated area and belonging to a system of glacial movements which differ in many important respects from the earlier ones; and (2) from the differences of surface contour due to the greater erosion of the earlier, as already indicated. We believe that this line of evidence, when developed in its fulness, will prove entirely demonstrative. Only a small part of the results now gathered fall specifically within our present province as chronicler of the geological history of Wisconsin, but the total result is, in some important measure, the outgrowth of investigations begun in this State. The movements of the ice were shown to have taken place "without regard to the local slope of the surface." The final retreat of the ice was attended by oscillations of the glacial front as represented by the formation of later secondary moraines. The drift-buried vegetal deposits, the so-called "forest beds" of Wisconsin, were stated to "belong to at least three epochs, one of which is the interglacial one here noted." Following Agassiz, Forbes, and Tyndall, the flowage of glacier ice was said to be "essentially similar to that of viscous fluids." He found a striking accord- Perhaps in no way was Professor Chamberlin's profound interest in (one might almost say affection for) the glacial formations of his homeland, the Upper Mississippi Valley, more manifest than in the matter of the classification and nomenclature of the drift sheets which he had done so much to establish. This was particularly impressed upon the writer on the occasion of a last visit early in June, 1928, when the old doctor sat back in his evening chair and, with considerable feeling, recounted the circumstances attending the development of the Pleistocene classification of Iowa. He never became reconciled to the shifting of the name "Kansan" from the subAftonian till to the super-Aftonian till nor the limiting of the name "Iowan" to the thin uppermost till, in northeastern Iowa, McGee's original area. Even to his dying day, and long after the altered nomenclature had become well established in geologic literature, he cherished the hope that the name "Iowan" would be restored, as he thought it should be, to the great drift sheet which is the upper till throughout the southern half of Iowa, and which extends thence into Missouri, Kansas, and Nebraska. It seemed to him that, when a relatively thin sheet of drift was differentiated in northeastern Iowa as later than the great statewide sheet of super-Aftonian till, it should have been given another name. It was to him as though the state had in some very real sense been bereft of an important feature of its birthright. In the Journal of Geology,' in a review of an article by Mr. Leverett, Dr. Chamberlin gave an expression of his opinion of the classification, in part, as follows:
The name Kansan has been shifted from the sub-Aftonian till to the superAftonian till originally called Iowan. The term Iowan thus displaced has been transferred from the middle drift to the uppermost and least member of the grouped beds originally covered by them. The reason for these shifts seemed cogent to the workers in the Iowan field at the time they were made and perhaps seem so still. They were accepted with slight reluctance by the glacialist who had given the terms their original applications. The cogency of the reasons for the changes has, however, from his point of view, largely disappeared with the progress of study, and if it were practicable to return essentially to the original usage, making the sub-Aftonian till Kansan and the super-Aftonian till Iowan, and to take the exceptional exposures of both formations near Afton Junction, Iowa, as the types, as was originally done, it would seem to him to accord best with the inherent fitness of the case. Particularly does this seem so in the application of the term Iowan, for the super-Aftonian till not only has a broader and more distinctive expression in Iowa than anywhere else, but it is the greatest of Iowa's drifts; it is inherently the Iowan drift. .... This sketch, even in its incompleteness, may serve to give a measure of historic insight into the embarrassments that attend the correlation and nomenclature of the American middle drift.
Respecting the newer divergencies of opinion implied in Mr. Leverett's paper, which involve the suggested dismissal of the Iowan altogether, as a distinct formation, or else its grouping under the Illinoian, it is appropriate here to urge restraint, patience, and equipoise, for the distinguishing phenomena, while pronounced and peculiar, are subtle in their gradations and singularly puzzling.
In 1894 Mr. Leverett, working under Chamberlin's supervision, had differentiated a drift sheet in southeastern Iowa, which appeared to be younger than the drift exposed farther west. From its lithologic composition he concluded that this drift was deposited by ice which came from the center of glaciation on Labrador peninsula and which crossed the channel of the Mississippi River and invaded Iowa from the east. This was found to be the uppermost till sheet throughout most of that part of Illinois outside the limits of the Wisconsin drift, so the name "Illinoian drift" was chosen as an appropriate designation. crease the discharge of carbon dioxide from the ocean to restore the equilibrium, and, to the degree of its efficiency which is undetermined, offsets the increased absorption of the cold water. So also, with increased cold the process of organic decay becomes less active, a greater part of the vegetal and animal matter remains undecomposed, and its carbon is thereby locked up, and hence the loss of carbon dioxide through the organic cycle is increased. The impoverishment of the atmosphere is thus hastened and the epoch of cold is precipitated.
With the spread of glaciation the main crystalline areas, whose alteration is the chief source of depletion, become covered and frozen, and the abstraction of carbon dioxide by rock alteration is checked. The supply continuing the same, by hypothesis, reenrichment begins, and when it has sufficiently advanced warmth returns. With returning warmth, the ocean gives up its carbon dioxide more freely, the accumulated organic products decay and add their contribution of carbonic acid, and the reenrichment is accelerated and interglacial mildness hastened.
With the reexposure of the crystalline areas, alteration of the rocks is renewed and depletion reestablished and a new cycle inaugurated. And so the process is presumed to continue until a change in the general topographic conditions determines a cessation.
The localization of North American and European glaciation is
regarded as due to the great areas of permanent atmospheric depression near Greenland, the Aleutian Islands, and the related storm tracts.
As to periodicity, it is stated' in part:
The basal conception is that, under general conditions favorable for glaciation, certain of the agencies involved became dominant and tended to intensify and accelerate glaciation for a time, until they either pushed the effects to an extreme from which a reaction was inevitable, or they exhausted themselves temporarily, while other agencies of opposite phase, which had been subordinate until then, became dominant and forced a reaction.
When a reaction was set up, it in like manner was pushed to an extreme, and deglaciation extended beyond the point of equilibrium for the average conditions. And so oscillations beyond and short of the mean state, gave a rhythmical phase to the glaciation of the period. The rhythm, we learn from observation, took the form of a series of sub-equal oscillations with declining time-intervals. There seem to have been no great differences in the amplitude of the ice advances. Observation does not permit us to speak as confidently of the extents of the recessions. It is important to note that the fundamental or general conditions remained effective throughout the period, and that the oscillations are regarded only as rhythms superposed on these general conditions. The more intense phases of these rhythms were, however, the only portions of the series that recorded themselves in glaciation near the borders of the glaciated areas, and were perhaps the only portions that recorded themselves in continental glaciations at all. The retrocessional phases may have been recorded only in cool climates in high latitudes, and in glaciation at high altitudes. In closing this sketch concerning the contributions of Thomas Chrowder Chamberlin to glacial geology, the writer cannot do better than to call to mind that "restraint, patience, and equipoise" which quite generally characterized his treatment of students and colleagues even under the occasional stress of great provocation. In the old days at the University of Chicago, and ever afterward, his students spoke affectionately of him as a kindly gentleman, a great scholar, and an inspiring teacher.
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